It has always been disappointing to receive a histology report after an axillary dissection (ALND) saying that the only positive lymph node was the sentinel lymph node (SLN). It is for this reason that there have been many efforts to create the best predictive model in order to avoid non sentinel node dissection and in fact there are in use many of them with a reasonable success rate. The publication of the multicenter study by Giuliano et al. showed a disease free survival and overall survival rate equal between patients with positive SLN with or without axillary dissection in a large group of patients. Breast surgeons around the world have long before been interested in reducing even more the need for axillary lymph node dissection, so they easily grasped the chance of those results and applied them in their practice. Objections have been expressed regarding the integrity of the study methods and the results which make the need for a second study to confirm those results absolutely necessary.
Introduction
More than 20 years after the introduction of sentinel node biopsy which was applied in order to avoid axillary lymph node dissection (ALND) in every breast cancer patient, but the positive SN patients, even this last principle has been challenged. At first it was challenged by many predictive of the non sentinel nodes status models that have been used the last ten years, some of them also available for application online, and recently by the Z0011 study of ACSOG [1] .
It is well shown that approximately 60% of the patients with a sentinel node positive T1 tumor have a negative axilla and only around 10% will have four or more positive nodes, which would alter patient's management. Sentinel node positive T2 tumor patients have a negative axilla in 50% of cases. It seems reasonable to think that a considerable number of sentinel node positive patients have nothing to gain from ALND and they are put at risk for its rather serious complications.
Gerber et al. summarized the pros and contras for axillary lymph node status and associated treatment decisions [2] . According to them reasons for ALND could be: the treatment mismatch if node status is unknown (especially in ER-positive, HER2-negative disease), the use of dose-dense and dose-induced chemotherapy in patients with 4 or more involved lymph nodes, the resection of metastases as a potential source of distant metastases, the importance of tumor volume reduction, that nodal status remains an indicator for or against radiotherapy after mastectomy, and that it is necessary for defining pN, for staging, study inclusion, and comparison of outcome. Reasons against ALND could be: that tumor biology is more important than nodal status regarding prognosis and treatment, that any axillary surgery increases costs and morbidity, that axillary recurrences are very seldom even in node positive patients, that delayed surgery of involved lymph nodes is without overall survival disadvantages, that distant metastasis may develop even in pN0 patients, that seldom exist axillary metastases in patients with medial tumor location, that systemic treatment acts also in axillary lymph node metastases, that there is no evidence that lymph node metastases are able to metastasize and that leaving involved lymph nodes in situ does not increase axillary recurrences or metastasis.
gery to no axillary treatment versus axillary radiotherapy [5] . The results of all three studies showed a very low rate of axillary recurrences, even in the arms without axillary surgery, and comparable disease-free and overall survival. In an observational study with 671 consecutive patients, aged ≥70 years, and a clinically tumor-free axilla, 172 received and 499 did not receive axillary dissection [6] . After a median follow-up of 15 years, there was no significant difference in breast cancer mortality between the axillary and no axillary clearance groups. Ipsilateral axillary recurrence rate was zero in the axillary dissection group and relatively low in the no axillary dissection group: 5.8% overall and 3.7% for pT1 patients.
From the study Z0011 of ACSOG, when they first looked for locoregional recurrence at 6.3 years of follow up, found no significant difference in local (p 0.11) or regional recurrence (p 0.45) [7] . All evidence existing to now point towards little or no benefit of ALND for local control.
Involved Axillary Nodes as Possible Source of Metastases
This question has not been answered yet but there is increasing doubt, that lymph node metastasis are able to metastasize. Among several theories of infiltrated lymph nodes being a step towards remote metastases, it has been proved that high levels of VEGF-C and VEGFR-3 are not only associated with an increase of lymph node metastasis but also with poor overall survival without affecting the growth of the primary tumor. VEGF-Cinduced lymphangiogenesis in SLN promotes tumor metastasis spread to distant sites [8, 9] . These results implicate the possibility of further metastasis to distant organs from the lymph nodes via the thoracic duct. One of the most strong objections against is that a significant number of patients show discordant quantitative expression of molecular markers between primary and nodal disease indicating an organotropy [10] . This concept of organ site specificity corroborates the hypothesis that lymph node metastases do not further spread or if they do only into lymph nodes down stream the metastatic one. In daily practice now it has been shown in several studies, as it was mentioned already, that there is no relation between omitting ALND and worse survival. It was clear also in the study of Martelli et al. that the incidence of metastases was slightly higher, but not statistically significant, in elderly patients treated with ALND (11.6% vs 9.9%) [6] . The study of Avril et al. in which 625 women aged ≥50 years with early breast cancer (tumor ≤ 10 mm) and clinically-negative axillary nodes were randomized to receive treatment with ALND(Ax) or without (no-Ax) failed to reproduce the above results [11] . OS and DFS at five years were not equivalent (Ax vs. no-Ax: 98% vs.
94% and 96% vs 90% respectively). Recurrence was higher for no-Ax, particularly in the first five years after surgery. Axillary nodes were positive for 14% Ax patients but only 2% no-Ax patients experienced axillary node recurrence. Several interpretations were proposed by the authors for the slight advantage in OS at five years for ALND patients. They suggested either a positive effect of the chemotherapy received by 8% Ax patients (vs. 2% of no-Ax patients), or adverse effects of the endocrine therapy received by the majority of the no-Ax group. Involved axillary nodes are still questioned as possible source of metastases.
Information Provided by ALND
The only information gained from ALND is the number of positive lymph nodes but with a considerable increase of morbidity. Relying on clinical examination for diagnosis of an involved node is not safe as its sensitivity to detect disease is reported at 25% -35.5% [12] [13] [14] . Buruah et al. found that preoperative ultrasound with the addition of FNA when there is suspicion for metastatic infiltration might spare 28.5% of patients from the need for SLNB [15] . The sensitivity of axillary ultrasound combined with FNA is low (53% -59%) but the specificity is 100% [16, 17] . Possibly because the criteria for node infiltration are still not clear. More reliable criteria seem to be the cortex thickening (>2.5 mm) and the absence of fatty hilum [18] . There are promising data showing that contrast enhanced and power doppler ultrasound can differentiate more accurately between benign and malignant lymph nodes in breast cancer [19] . Malignant lymph nodes demonstrated longer contrast enhancement duration compared to benign lymph nodes.
The diagnostic accuracy of FDG-PET/CT for the detection of axillary lymph node metastases in breast cancer patients acquired 60 min after FDG administration is reported to be only moderate, especially due to low sensitivity. Relevant studies examined identified that FDG-PET/CT has a sensitivity of 60% and a specificity of 97% in detecting lymphatic metastasis. Although positive axillary FDG-PET/CT is a good predictor of axillary disease and correlates well with SLNB, the relatively poor sensitivity (60%) must be considered for treatment planning [20] . Metabolic activity varies according to the histopathology type.
A recent review evaluated the diagnostic accuracy of magnetic resonance imaging (MRI) techniques for identification of axillary metastases in early stage newly diagnosed breast cancer patients [21] . Based on the highest sensitivity and specificity reported in each of the nine studies evaluating ultra small super-paramagnetic iron oxide (USPIO)-enhanced, gadolinium-enhanced MRI and in-vivo proton MR spectroscopy mean sensitivity was 90% and mean specificity 90%. The best results were produced by USPIO enhanced MRI, with a mean sensitivity 98% and a mean specificity 96%. Its accuracy is related to the histopathology type and isn't able to reveal micrometastases.
The combination of all available modalities and physical examination cannot offer a sensitivity of more than 56.7% as it was shown in the study of Valente et al. [12] . So far we cannot obtain by other means the information provided by ALND. It is pragmatic though, to believe that in the near future the technology will offer an acceptable and safe for the patient tool for the accurate estimation of lymph node status.
Patient Management Based on Number of Positive Nodes
Lymph node status has been the basis for prognosis and treatment decision in breast cancer for many years. In the most recent years it is believed that lymph node status is a good indicator of tumor stage related to the time point of diagnosis, but it reflects neither the real tumor biology and metastatic behaviour nor the sensitivity to systemic treatment, according to Gerber et al. [2] . Axillary lymph node involvement is the result of different factors and lymph node status at all does not reflect the aggressive behaviour of the tumor correctly [22] . Poor outcome depends more on the tumor biology than on lymph node involvement [23, 24] . Gene expression analyses of the primary tumor indicated that 51% of lymph node-negative tumors and 49% of lymph node-positive tumors have a poor prognostic signature [25] . Guidelines from 2011 St. Gallen Breast Cancer Conference consensus don't suggest a change of adjuvant systemic treatment based on the number of positive lymph nodes, except from very unusual sub-groups of breast cancer [26] . The consensus panel did not believe that node positivity per se is an indication for use of chemotherapy, though a strong majority would use it if more than three lymph nodes were involved. They also voted in favor of post mastectomy radiotherapy if more than 3 nodes are affected. IBCSG published in 2012 the evaluation of 8106 patients enrolled in 13 randomized trials and concluded that radiotherapy should be delivered to the chest wall and supraclavicular fossa post mastectomy if 4 or more axillary nodes are infiltrated or in case of 1 -3 involved nodes when the patient is young (<40 y), if total number of lymph nodes is less than 7 or if there is vascular invasion [27] .
Thus the number of infiltrated nodes has still a significant role for the radiotherapy treatment decision and a role for systemic treatment in small groups of patients.
Axillary Clearance Doesn't Change the Outcome
From the previously presented studies of Martelli et al.,
Rudendam et al. and V or radiotherapy versu eronesi et al. which compared axillary dissection or nothing regardless of sentinel node biopsy, there was no significant difference in overall survival and disease free survival [3] [4] [5] . Similarly a previous study (NSABBP04) which compared total mastectomy and radiotherapy of the axilla versus radiotherapy of the axilla in case of recurrence, found no outcome difference after a mean 25 year follow up [28] . In the years followed those studies, sentinel lymph node biopsy enabled us to select the patients with positive frozen section for axillary dissection. The aim of multicentric Z0011 study of ACSOG was to move beyond SLNB and disengage the positivity of SLN from the axillary dissection [1] . The study came to an early close due to reduced mortality and published in 2011 the results of 891 patients with Τ1-2, cN0 cancer with infiltration of 1 or 2 sentinel nodes (imprints or Η&Ε) subjected to lumpectomy and radiotherapy. Patients were randomized to either ALND or not and they were followed for a mean 6.3 years. Five year total survival rate was 91.8% for the group of ALND vs 92.5% for the SLNB-only group. Five year disease free survival was 82.2% vs 83.9% respectively (Figure 1) . The hazard ratio for treatment-related overall survival was 0.79 without adjustment and 0.87 after adjusting for age and adjuvant therapy. However, several objections have been expressed for the technical integrity of this study, the most comprehensive report being the one by the CAGS/ ACS Evidence Based Reviews in Surgery Group from Canada [29] . The margin of noninferiority in the trial by Giuliano and colleagues was based on the SLND group having a 5-year survival of "not less than 75% of that observed in the ALND group." The expected 5-year survival of the ALND group was estimated to be 80%. Thus, based on this statement, an absolute 5-year survival as low as 60% in the SLND group, a 20% absolute difference from the ALND group would be sufficient to conclude that SLND is not inferior to ALND. This margin of noninferiority would be unacceptable to most clinicians and patients. The trial was closed early with less than 50% of the targeted accrual as accrual was slow and there was a substantially higher than expected survival in the pooled data from the 2 groups. It was estimated that even with all 1900 targeted patients accrued, it would take 20 years of follow-up to observe the estimated 500 deaths needed to declare non-inferiority. Instead the results of the trial were reported with only 92 events. There were many patients entered into the trial who had no positive nodes; 29 (7.0%) patients in the SLND group. There were also a large number of women lost to follow up: 21% in the ALND group and 17% in the SLND group and it is well known that when the number lost to follow-up exceeds 10%, the validity of the conclusions may be jeopardized. There ere a large number of paw tients for whom there are no data on the number of positive nodes: 18% in the ALND group. The dosing, frequency and field definition guidelines of radiation treatment were not described and there were 43 (5.0%) patients who did not receive their assigned treatment. Furthermore, patients in the SLN biopsy-only arm had slightly better prognostic factors overall, with a higher proportion of micrometastases in the SLN biopsy arm (45%) compared with the ALND arm (35%).
The recently presented MA-20 trial, in contrast to Z0011 showed that, by adding to the standard WBI, irradiation to internal mammary, supraclavicular and high axillary nodes for patients with positive nodes and segmental mastectomy results to significant improvement of DFS and a small improvement of overall survival [30] . After its preliminary results, relevant results are pending from the AMAROS study which randomized patients with sentinel nodes to ALND or axillary radiotherapy [31] .
Many surgeons have changed their practice to a more selective use of ALND during recent years and for sure long before the Z0011 study results been presented. MSKCC reviewed their prospective SLN database over 10 years (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) , 7509 SLN procedures) for time trends and variation between surgeons in the use of SLN-FS and ALND in patients with cN0 invasive breast cancer [32] . They found that the use of SLN-FS decreased from 100% to 62% and varied widely by surgeon (66% to 95%). There was statistically significant trend in the performance of ALND for patients with SLN metastases only for those detected by serial section H&E with or without immunohistochemistry. These trends coincided with an increase in the proportion of completion versus immediate ALND. Those findings suggest a more nuanced approach to axillary management. They also calculated that if the Z0011 selection criteria had been applied to their cohort, 66% of SLN-FS and 48% of ALND would have been avoided, sparing 13% of all patients the morbidity of ALND.
Axillary clearance, when a sentinel node is positive does not change the outcome of almost all patients. It seems that a substantial number of patients will have mostly their disease free survival been improved by adding an axillary clearance to a positive sentinel node biopsy. We need to accurately select this group of patients.
Criteria Needed
Predictive models for the possibility a non sentinel axillary lymph node being infiltrated, when the sentinel node is positive, have been used for some years now. Those predictive models used different combinations of clinical, radiological, histological and more recently molecular information for the tumour and the patient. Some of them are available in the internet with most reliable results being those of MSKCC, Stanford and Cambridge models. A meta-analysis showed that there is an unacceptably high variability in individual predictions when the nine predictive systems that were available were used to predict non-SLN metastasis in patients with SLN-positive breast cancer. No patients were uniformly classified as low risk by all nine prediction models [33] . At the group level, a considerable variation in the distribution of the predicted probabilities was observed. At the individual level, calculation of the predicted probabilities for the selected patients who were considered low risk (≤10%) according to the MSKCC nomogram, showed even larger variations, ranging from 4% to 94%.
More reliable have been proved the Z0011 trial of the American College of Surgeons Oncology Group (ACOSOG) criteria used to select patients who will not have an ALND: clinical T1-T2 invasive breast cancer, no palpable adenopathy, and 1 to 2 SLNs containing metastases identified by frozen section, touch preparation, or hematoxylin-eosin staining on permanent section treated with breast conservation, whole breast radiotherapy and adjuvant chemotherapy. The selected patients had no difference long term in both local and distant recurrence rate. Seven tested prediction models were not able to accurately identify low risk women from a cohort that would have been excluded from Z0011 [34] .
Z0011 trial has agitated breast surgeons but has not changed the rules. At the Second Kyoto Breast Cancer Consensus Conference (KBCCC-Kyoto, Japan, April 14-16, 2011) the consensus opinion supported omission of ALND in breast-conservation therapy patients with T1/ T2 tumors and micrometastases only in the SLN and perhaps macrometastases when the metastatic ratio is low-say one out of two or two out of four nodes, rather than one out of one or two out of two nodes.
More important is what Giuliano AE [35] stated recently that: "Currently, there are no definable criteria that completely prevent patients from benefiting from ALND in the setting of metastatic disease to the axilla. It is, therefore, clear that ALND should be strongly considered in the management of the SLN-positive axilla. SLN resection has its role in the management of early stage breast cancer, but whether SLN resection alone should replace ALND is yet to be determined."
We should better define the criteria by which to select the patient with positive sentinel node for ALND. For sure Z0011 trial results need confirmation by at least another, well designed and executed, trial in order to be adopted by all breast surgeons.
